The total flavonoid content (TFC), total polyphenols content (TPC), and in vitro antioxidant activity (AA) of six Bidens pilosa L., Asteraceae, populations harvested from different localities were evaluated in this work. The plants were separated in roots, stems, and leaves/flowers, and the influence of extraction methods was investigated. A reversed-phase high-performance liquid chromatography method (HPLC) was developed and employed to obtain characteristic HPLC fingerprints of the bioactive compounds present in the extractive solutions, which were correlated with the TFC, TPC, and AA. Extractive solutions of leaves/flowers presented a higher AA when compared with those obtained from other parts of the plant (IC50 of 35.35±0.10 µg/mL). The stem extracts presented the lowest AA (IC50 117.2±1.96 µg/mL). A direct correlation of AA with TFC and TPC was evidenced. The highest AA was obtained by dynamic maceration and was statistically different from the AA presented by the extractive solutions obtained by other extraction methods. The results of this work evidenced differences that can be found at different stages of development of phytopharmaceutical preparations from B. pilosa and highlighted the importance of using the concentration of marker compounds as well as HPLC fingerprints as quality control parameters.
Introduction
Plant-derived products have been used as therapeutic alternatives in the health-care systems of several countries. Medicinal plants are important sources of bioactive compounds, as their easy access is one of the main reasons that justifies their widespread application. The World Health Organization (WHO) has published several guidelines that aim at improving the quality, effectiveness, and safety of the herbal medicinal preparations (WHO, 2002) .
Considering quality as one of the main factors related to consumer acceptance and sustainability in the market, it is important to strictly control and standardize all the stages involved in the production of phytopharmaceutical preparations, such as the selection of the starting plant material, the extraction conditions, and the quantification of secondary metabolites or bioactive compounds in the final product. Bioactive compounds in the pharmaceutical dosage form would undergo physical and chemical transformations during processing and storage, which might result in loss of the pharmacological activity (Bott et al., 2010) . In order to guarantee the quality of phytomedicines, the Brazilian Health Surveillance Agency (Anvisa) established technical and scientific guidelines that should be followed before a product is registered by producer companies (Anvisa, 2010a) .
Plants, similar to all life species, are affected by the interaction with the environment where they grow and live. Therefore, secondary metabolites are produced for the adaptation of the plants to particular conditions. The concentration of secondary metabolites can also vary from one part of the plant to another depending on the stimulus that triggers their production (Harborne & Williams, 2000) .
Bidens pilosa L., Asteraceae, is a medicinal plant native of South America that nowadays is disseminated all over the world, mainly in tropical and subtropical regions . The pharmacological activities of this plant are generally associated with the presence of flavonoids and polyacetylenes (glycosylated or not), which are abundant in B. pilosa (Ubillas et al., 2000; Wang et al., 2010) . Important biological activities reported for this plant include antidiabetic (Chien et al. 2009 ), antitumoral (Kviecinski et al., 2008) , antimicrobial (Rojas et al., 2006; Deba et al., 2008) , hepatoprotective (Yuan, et al., 2008; Kviecinski et al., 2011) , and antioxidant (Chiang et al., 2004; Krishnaiah et al., 2011) . Leaves infusion of B. pilosa was recently included in a resolution of medicinal plants promulgated by Anvisa for the treatment of jaundice (Anvisa, 2010b) . The polyacetylene phenyl-1,3,5-heptatryine, isolated from the B. pilosa leaves, presented promising anticancer and antimalarial activities (Kumari et al., 2009 ). In the Amazon region, B. pilosa roots are used to treat malaria (Brandão et al., 1997; Oliveira et al., 2004) .
Phytochemical and pharmacological analyses of B. pilosa employing roots (Brandão et al., 1997; Oliveira et al., 2004) , leaves (Yuan et al., 2008; Kumari et al., 2009) , or the whole aerial parts (Ubillas et al., 2000; Chiang et al., 2004; Kviecinski et al., 2011) have also been published. However, a direct comparison of a specific activity of the different parts of the plant and a comparison of different extraction methods for this plant have not yet been reported.
The aim of this work was, therefore, to investigate the effect of the growing places (rural and urban locations) on the concentration of bioactive substances in the plant material and the effect of the extraction conditions based on the solid content (SC), total flavonoid content (TFC), total polyphenol content (TPC), and antioxidant activity (AA) of the extractive solutions obtained. The results presented herein can guide further development of phytopharmaceutical preparations of B. pilosa.
Materials and Methods

Chemicals
Rutin, quercetin, 2,2-diphenyl-1-pycrylhydrazyl and online UV spectrum detection via a diode array detector of extractive solutions prepared from the samples was also performed in order to confirm the identity of the plant samples (Springfield et al., 2005; USP, 2006) .
Samples were cleaned and separated in roots, stems, and leaves/flowers. Afterwards, the plant material was dried in an air-forced air circulation stove at 37 °C for 48 h (Nova Ética B.O.D 411D, Vargem Grande Paulista, SP, Brazil) and powdered with a knife mill (Marconi, model MA-680, Piracicaba, SP, Brazil), using a 20-mesh sieve.
Extract preparation
Extractive solutions were prepared at two different conditions in order to evaluate the influence of specific variables of the process.
Extraction condition 1
The extraction condition was fixed as follows: dynamic maceration carried out in jacketed glass containers coupled to a thermostatic water bath set at 45 °C, ethanol 70% (v/v) as extraction solvent, and a plant-to-solvent ratio of 1/10 (w/v). The extraction mixture was maintained under agitation for 30 min by using a mechanical stirrer set at 200 rpm. Then, the extraction mixture was filtered in a laboratory filtration system, consisting of a Büchner funnel (number 4 -diameter of 150 mm) coupled to a 1 L Büchner flask, connected to a vacuum pump (Prismatec, Mod 131, São Paulo, Brazil). A filter paper (80 g/m 2 , 14 µm pore diameter, and a thickness of 205 µm -J. Prolab, S. José dos Pinhais, PR, Brazil) was used as filter media, and the vacuum filtration pressure was set at 500 mmHg (Bott et al., 2010) . The extracts obtained under this condition were employed to evaluate the influence of the plant material and a part of the plant in the SC, TFC, TPC, and AA.
Extraction condition 2
With the aim of comparing the influence of the extraction method in the SC, TFC, TPC, and AA, four extracts from the same plant material (aerial parts) were prepared, using ethanol:water at a concentration of 62.7% (v/v) and a plant-to-solvent ratio of 1/10 (w/v). This extraction condition was based on an optimization study previously developed (Cortés-Rojas et al., 2011) . Sample number 2 was used in this comparison due to its relatively higher concentration of bioactive compounds.
The following extraction methods were tested:
• dynamic maceration: carried out in jacketed glass containers coupled to a thermostatic water bath set at 66.2 °C for 30 min, with the extraction mixture being maintained under agitation by a stirrer set at 200 rpm;
• solid-liquid extraction using a Soxhlet apparatus (Unividros, Ribeirão Preto, SP, Brazil), during 35 min, corresponding to five extraction cycles;
• microwave-assisted static maceration using a domestic microwave oven (Continental ® , São Paulo, Brazil) 2450 MHz, using five cycles of 20 s with intervals of 6 min, at a potency of 50%;
• ultrasound-assisted static maceration: three cycles of 10 min each (Odontobras 2840DA, São Paulo, Brazil) with a frequency of 40 KHz and an agitation of 10 s between the cycles.
Characterization of the extractive solutions
The extractive solutions obtained were characterized through determination of SC, TFC, TPC, and AA as well as by the high-performance liquid chromatography (HPLC) fingerprints according to the methods described next.
Solids content
Oven drying method was employed for SC determination. Approximately 2 g of the extract were weighed in an analytical balance (Mettler Toledo AG204, Greifensee, Switzerland), placed in a Petri dish, and then dried in an air-circulating oven at 105±1 °C. The samples were reweighed every 8 h until constant mass was reached (Bott et al., 2010; Cortés-Rojas et al., 2011) . SC was calculated as the percentage ratio of the weight of the dried residue by the original herbal extract weight. Results were expressed as the average of three determinations.
Total flavonoid content
TFC was quantified by a spectrophotometric method based on the absorbance displacement caused by the reaction with an AlCl 3 solution 0.5% (w/v) (Cortés- Rojas et al., 2011) . Samples were diluted with 40% ethanol, and the absorbance was measured at 425 nm, using a spectrophotometer UV-vis HP 8453 (Agilent Technologies, Waldbronn, Germany) after 30 min of reaction. An analytic curve of quercetin was built, and TFC was expressed as mg of quercetin/g of extract (dried base). All samples were analyzed in triplicate.
Total polyphenol content
TPC in the extractive solutions was determined by the Folin-Denis method (Cortés- Rojas et al., 2011) . Diluted extract solutions were mixed with the FolinDenis reagent, and a saturated solution of CaCO 3 was added. Absorbance at 750 nm was measured exactly after 2 min in a HP 8453 spectrophotometer. An analytic curve of gallic acid was built, and the results were expressed as milligrams of gallic acid equivalents (GAE)/g of extract dried base. Triplicate tests were conducted for each sample.
Antioxidant activity
In vitro AA was evaluated through the DPPH free radical scavenging ability according to Georgetti et al. (2006) . Aliquots of 30 µL of an appropriate plant extract dilution were added to a mixture of 1 mL of sodium acetate buffer pH 5.5 and 1 mL of absolute ethanol. Afterward, 0.5 mL of a 0.250 mM radical solution of DPPH in absolute ethanol was added, and its absorbance was measured at 517 nm after 20 min. A mixture of 1.5 mL of absolute ethanol and 1.0 mL of sodium acetate buffer was employed as blank. The DPPH radical solution in the reaction medium without the extract was considered the positive control. Results were expressed as IC50 (average of three determinations).
High-performance liquid chromatography coupled to a diode array detector (HPLC-DAD)
The chromatographic profile of different extractive solutions from B. pilosa was monitored by HPLC-DAD. Analyses were performed in a Shimadzu LC-20A series and an LC-6A double pump (Shimadzu Corporation, Kyoto, Japan) using a C-18 column (Shimadzu Shim-Pack CLC(M) 4.6 mm x 25 cm, 5µm, 100 Å) at 30 °C. The chromatograms were recorded at 254 nm. Gradient acetonitrile-acidified water with 1% acetic acid at pH 2.8 was used as mobile phase. Acetonitrile concentration was gradually increased as follows: 0-min, 10%; 5-7 min, 20%; 7-31 min, 31%; 32-44 min, 40%; 44-50 min, 100%; and 55-58 min, 10%. Samples were exactly weighted in an analytic balance and diluted at a concentration of 7 mg/mL. The diluted samples were filtered through a 0.45 µm Millipore membrane, and 10 µL were injected in the chromatograph. Previous works have reported the occurrence of rutin, 4,5-O-dicaffeoylquinic acid, and hyperoside in B. pilosa extracts (Brandão et al., 1997; Chiang et al., 2004; Wu et al., 2007; Wang et al., 2010; Kviecinski et al., 2011) . The presence of these three compounds in the chromatograms was assessed by comparing their retention times, UV spectra, and spiking the samples with a known concentration of analytic standards.
Statistical analysis
Results were expressed as mean±SD. The levels of significance between the samples were compared by one-way analysis of variance (ANOVA) using Bonferroni as a post test for a comparison of means.
Results and Discussion
Flavonoid, polyphenol content, and antioxidant activity
Flavonoids and other phenolic compounds of Bidens pilosa L., Asteraceae, have been linked to its biological activities. Figure 1 shows the SC, TFC, TPC, and AA with regard to the collection place and a part of the plant analyzed (extracts obtained under extraction condition 1). Root extracts presented lower SC (Figure 1a ) when compared with those from the leaves/flowers and stems. Based on this observation, the results of TFC, TPC, and AA were expressed in dried base for an easier comparison. Significant differences due to plant populations and a part of the plant used can be observed. Leaves/flowers were the part of the plant that presented the highest AA (lowest IC50). Root extracts presented a slightly higher TFC and TPC than the stems, evidencing a correlation between TFC and TPC with AA when comparing each part of the plant. This correlation was previosuly reported by Cortés-Rojas et al. (2011) . Flavonoids are reported to protect plants against UV radiation light (Harborne & Williams, 2000) , and the highest concentration observed in the leaves could be explained by this statement.
It is observed that samples 2 and 3 presented higher TFC, TPC, and AA when compared with the other plant populations. Extractive solutions obtained from populations 5 and 6 showed the lowest AA, also associated to lower TFC and TPC. By comparing the part of plants used, the leaves and flowers showed higher concentrations of TFC and TPF. As mentioned earlier, one of the main functions of the flavonoids is to protect plants from sun radiation and scavenge free radicals. Therefore, the highest concentration of flavonoids in the leaves/flowers could be expected as those are the parts of the plant that are more exposed to sun radiation. The results of the AA of the leaves/ flowers showed a higher correlation with TFC than with TPC. This fact is clearly evidenced in samples 4L and 5L, where the TPC was remarkably low, but AA was not significantly affected. These results can suggest a more direct relationship of the AA with the flavonoid compounds than the other types of polyphenols present in the leaves/flowers. It was observed that even when the coordinates of the collecting places did not vary that much (similar latitudes), remarkable differences were detected. These results might be explained by the highly dependent relationship between the production of secondary metabolites of the plant and the enviromental conditions such as sunlight, rain, insects, and predator atacks (Harborne & Williams, 2000) , which differed for the samples studied. Andrade-Neto et al. (2004) , in a previous research, demonstrated that the in vitro antimalarial activity of B. pilosa root extracts is highly affected by climatic and soil conditions. According to their results, plants collected in dry seasons (May to August in Minas Gerais state, Brazil) showed better antimalarial activity than those collected during the wet season (November to March). In future studies, populations from more extreme latitudes will be included and compared with the results presented herein.
Chromatographic profile of B. pilosa extracts
HPLC is a common technique employed for separation and quantification of compounds present in complex samples as plant extracts. HPLC-DAD fingerprint also offers an alternative to help in the correct identification of plant species and has been successfully employed for the authentication of crude drugs or their extracts (Springfield et al. 2005) . The HPLC method developed for the B. pilosa extractive solutions allowed the separation of the main peaks in the extractive solutions, as presented in Figure 2 . Three different profiles of the roots, stems, and leaves/flowers are observed for the plants collected in region 2, which was the sample that presented the highest TFC, TPC, and AA.
Rutin, hyperoside, and 4,5-O-dicaffeoylquinic acid were identified in the chromatograms and marked as peaks 1, 2, and 5 (Figure 2b ). Peaks from 15 to 24 min correspond to compounds of medium polarity such as flavonoids and other phenolic compounds (Figure 2b ). It is observed that peaks 1 and 7 are almost absent in the roots and that peak 3 indicates a lower concentration than in the other parts of the plant. With the exception of peak 8, which is more intense in the stems and roots, all the peaks are more intense in the leaves/flowers, which could be linked with the highest AA presented by the extractive solutions obtained from this part of the plant. The other region of the chromatogram, from 36 to 42 min (Figure 2c ), corresponds to lower polarity compounds such as the polyacetylenes, which are very common in this species (Ubillas et al., 2000; Tobinaga et al., 2009; Wang et al., 2010) . These compounds have typical absorption bands in their UV spectra (maximums at 256, 270, 305, 326, 348, 378 nm) that are attributed to the carbon-carbon triple bonds. In this region, it is observed that peaks corresponding to these compounds are more intense in the leaves/flowers, less intense in the stems, and almost absent in the roots. The cytotoxic and antimicrobial activity of polyacetylenes has been associated to UV radiation by a mechanism of photo activation in which the conjugated tripe bonds are involved (Wat et al., 1979; Ebermann et al., 1996) . Polyacetylenes could be used for the plant as a defense against microorganisms and insects (Minto & Blacklock, 2008) , and this fact would explain the more intense peaks corresponding to these compounds in the leaves/flowers. It is interesting to note that in some communities the traditional use of B. pilosa for jaundice treatment includes sun exposition after ingestion or a bath with the infusion of the plant. The chromatographic profiles of the six extracts from the leaves collected at different places (obtained with extraction condition 1) are presented in Figure 3 . The intensity of the peaks from one extract to another varies, but the general profiles are quite similar. Low intensity peaks in the flavonoids and polyphenols region (13 to 21 min) are observed for extract 6, which presented the lowest antioxidant activity. This extract also presented the most intense peak with the characteristic UV profile of polyacetylenes. A higher concentration of polyacetylenes in the extract would result in higher antimalarial and antitumor activities as reported by Kviecinski et al. (2010) , which demonstrated that extracts rich in polyacetylenes, obtained by supercritical fluids, presented higher antitumor activity than extracts obtained by hydroethanolic maceration.
On the other hand, the chromatographic profiles of extracts 2, 3, and 4, which presented the highest antioxidant activity, also show more intense peaks in the region from 13 to 21 min (flavonoids and other polyphenols). The flavonoids found in B. pilosa have been associated to liver protective activity (Yuan et al., 2008) , and it is belived that in a crude extract they would exert a protective and antioxidant effect increasing the stability of polyacetylenes, which are labile compounds associated to antimalarial activity. Extracts with a higher concentration of flavonoids may present more intense hepatoprotective effects based on the study reported by Yuan et al., (2008) , therefore proving the protective effects of total flavonoid content of B. pilosa on animal liver injury and liver fibrosis.
Comparison of extraction methods
The results of different extraction processes are presented in Table 1 . Higher antioxidant activity was observed in the extractive solution obtained by dynamic maceration, probably due to the effect of higher TFC and TPC. Maceration is the most used of all extraction methods (List & Schmidt, 1989) , with its versatility to scale up being one of the main advantages. The optimization of factors such as temperature, solvent polarity, pH, particle size, and the type and intensity of the movement helps overcome the disadvantages of this non-exhaustive and occasionally time-consuming method.
The Soxhlet extraction showed similar results. In this method, the recirculation of the solvent caused by temperature improves the extraction by the modification of equilibrium concentration.
Ultrasound-assisted extraction increases the permeability of the cell walls, produces cavitations, and increases the mechanical stressing of the cells, accelerating the diffusion of bioactive compounds to the solvent. These effects depend on the frequency and capacity of the apparatus and the length of time for which it is applied (List & Schmidt, 1989) . However, the process should be optimized individually for each drug. The microwave-assisted extraction causes similar effects to that of an ultrasound; however, higher energy is provided, causing faster temperature increases. A statistical analysis showed that there is a significant difference (p<0.05) between the AA of dynamic maceration and the other extraction methods, but there is no difference between the ultrasound-and microwave-assisted extractions.
Conclusions
The results presented herein showed strong evidences of correlation between the TFC and TPC with the AA. The leaves/flowers were the part of the plant presenting the highest AA, particularly for populations number 2 (rural sample) and 3 (urban sample), which presented an IC50 of 14.040±0.460 µg/mL and 13.350±0.997, respectively. HPLC profiles of the extractive solutions constitute a fingerprint of the plant and could be employed to confirm the authenticity as well as for quality control of the B. pilosa samples. Significant differences were observed in the chromatographic profiles of the extractive solutions obtained from the different parts of the plant, which could be associated with the antioxidant activity. With regard to the extraction method, better results were obtained by dynamic maceration (IC50 17.805±0.704 µg/mL).
